introduction
Fine-grained concretes are expedient to use for manufacturing thin-walled, densely reinforced, and other structures whose fabrication implies a constraint for the size of a filler. Such concretes are a multicomponent composition system [1] and contain both a fine-grained filler and a finely-dispersed filler in its composition, as well as Portland cement [2] [3] [4] [5] and high-performance superplasticizers acting as deflocculants. Optimal application makes it possible to control the rheological properties of concrete admixtures. In this case, it is also possible to modify the structure of the cement stone at the macro level. This allows providing concrete with properties that ensure high operational reliability of structures made both of light concrete [6] and by applying nanotechnologies [7] , specifically utilizing technogenic raw materials [8] .
One of the ways for modifying the structure of finegrained concrete is the use of micelle catalysis when manufacturing both dense powdered and porous [10] , as well as other types, of concrete [11] .
Given the multifunctional effect of deflocculants, plasticizers and micelles of surfactants, we consider it important to study further improvement and development of the fine-grained concrete technology. Such a research should be aimed at the control over processes of the cement stone formation by using effective admixtures that modify the structure of concrete.
literature review and problem statement
The urgent necessity of obtaining high-strength concretes based on ordinary cements necessitates the search for new technological approaches, using mineral modifying admixtures and an organic modifier [2] [3] [4] [5] . At the same time, it was proposed to use the waste of metallurgical production as modifying admixtures [12, 13] . Papers [13, 14] and several other established that the use of active mineral additives produces a real opportunity to obtain concretes with the preset physical and mechanical characteristics at a considerable saving of Portland cement. However, the results of study into a simultaneous use of micelles of surfactants and mineral modifying admixtures are not given.
At present, microsilica [15, 16] and metakaolin [16] are widely used as modifying admixtures. However, they have certain disadvantages that inhibit the widespread use of these additives. These disadvantages of microsilica [15, 16] include a lack of the stability of its properties, since it is the wastes of production. The disadvantage of metakaolin [16] is its high cost due to rather high energy consumption for its production. In addition, known modifying admixtures were used simultaneously with superplasticizers [15] and hyperplasticizers [17] , which act as defloculants. However, such studies were carried out without taking into consideration results of research in the field of micellar catalysis of reactions of synthesis of calcium hydrosilicates, which showed the possibility of using d-element compounds as modifying admixtures [18] . Therefore, there are reasons to believe that there is a lack of certainty about the influence of known modifying admixtures, along with micelles of surfactants, on the characteristics of nanostructures formed during hydration of Portland cements. In particular, the main characteristic of the formation of a concrete structure is the compressive strength, which determines the need for undertaking research in this direction.
The aim and objectives of the study
The aim of present work is to determine the influence of modifying admixtures, specifically kaolin, gypsum, lime and microsilica, modified by micelles of a colloidal surface-active substance, on the magnitude of strength of fine-grained concrete and the rate of its formation.
To accomplish the aim, the following tasks have been set: -to determine optimal magnitudes of the consumption of modifying admixtures, modified by micelles of a colloidal surface-active substance, to obtain fine-grained concrete of maximum strength;
-to compare effectiveness of the effect of modifying admixtures, modified by micelles of a colloidal surface-active substance, on the strength of fine-grained concrete.
Materials and methods to study the effect of complex nanomodifiers on the strength of finegrained concrete
The research was conducted using the Portland cement CEM I 42.5 according to EN 197-1 (manufactured by PAT «Heidelberg Cement Kryviy Rih», Ukraine); the Dnieper river sand was used as a fine filler; its granulometric characteristics are given in Table 1 . Sodium oleate (Simagchem Corp., China) was used as a micelle-forming surface-active substance (MSAS). Microsilica (trade mark Elkem Microsilica Grade 940-U, the content of SiO 2 is 94.6 %), the gypsum for construction G-4 (PAT «Gipsovik», Kamyanets-Podilsky, Ukraine), slaked lime, and kaolin from Polonivsky deposit (Khmelnytska oblast, Ukraine), were used as the modifying admixtures.
The magnitude of specific surface of Portland cement, gypsum, lime, and microsilica is given in Table 2 . Modification of the modifying admixtures was performed by the treatment with an aqueous micellar solution of MSAS whose MSAS concentration was 0.1 %.
Experimental samples of concrete were prepared from concrete mixtures, the components of which were dosed in the required quantities according to the plan of our experiment and agitated in a laboratory mixer for 3 minutes. The resulting mixture was placed in a metal cube-shaped mold with the size of sides 7 cm. The concrete samples thus formed were hardened during 28 days at ambient humidity 70±10 % and an ambient temperature of 293± 2 K. Compressive strength of the concrete, which did not contain micelles from a colloidal surface-active substance and modifying admix tures, was 16.2 MPa.
The following independent factors varied in the experiment: Х 1 -content of the mineral modifying admixture in concrete;
Х 2 -content of MSAS in concrete; Х 3 -type of the mineral modifying admixture in concrete. An indirect evaluation of the effect of modifiers on the strength of concrete was carried out based on the results of determining the strength at compression of fine-grained concrete. The composition of concrete was taken to be constant in all experiments with the ratio «cement/fine filler» = 1/2, at a constant water-solid ratio equal to 0.5. Determining the magnitude of strength limit at the compression of samples was carried out in accordance with standard procedures. Strength control of the samples was tested at the universal device UMM-100.
The conditions for the homogeneity of experiment were verified while determining in parallel the strength of concrete with each composition.
results of studying the indicators of properties of concrete samples
Results of determining the mechanical strength when compressing the samples of fine-grained concrete at a certain stage of hardening (28 days) are shown in Fig. 1-4 .
It should be noted that in the presence of micelles of a colloidal surface-active substance, the modifying admixtures used ensure an increase in the strength of fine-grained concrete. For each modifying admixture, there is a certain amount in the concrete composition, which enables it to reach maximum strength. Using gypsum as a modifying admixture as an example, it was found that there is a certain content of MSAS and the modifying admixture (Fig. 4) , which ensure that concrete achieves maximum compressive strength.
Based on experimental data on determining the rate of strength formation at the compression of fine-grained concrete (Fig. 5) , one can see that an increase in the rate of strength formation occurs due to the presence of colloidal surface-active substances in the micelle system.
We have determined a change in the strength of finegrained concrete over time when employing the system «lime -MSAS» as a nanomodifier (Fig. 5) . The results of research show that the type of a mineral modifying admixture affects the magnitude of strength of fine-grained concrete and could be used to analyze the influence of nanomodifiers depending on the type of a mineral modifying admixture.
discussion of results of studying the effect of complex nanomodifiers on the strength of finegrained concrete
When determining the effectiveness of using nanomodifiers to increase the strength of fine-grained concrete, as follows from the obtained results ( Fig. 1-5 ), the phenomenon of synergism is logical. This, obviously, is due to the dispersing action of the applied nanomodifiers relative to cement particles and a change in the conditions of their interaction with a mineral modifying admixture, which occurs inside the micelle of MSAS. In this case, adsorption layers form at the surface of clinker minerals, which, however, do not slow down the processes of diffusion of the ions of hydroxides and the formation of crystalline hydrates, but only transfer this process inside the micelles.
Such a mechanism of influence of MSAS micelles is obviously a factor that regulates the process of formation of the products of hydration of clinker minerals, which leads to an increase in the formation rate and the resulting magnitude of strength of fine-grained concrete.
However, at the same time, this mechanism negatively affects the process of interaction between clinker minerals and microsilica (Fig. 3) . This results in a reduction in the effect of the introduction of microsilica into a hardening cement system and cannot be recommended for use.
Comparison of the strength of fine-grained concretes containing various mineral modifying admixtures (Fig. 6 ) allows us to conclude that the most effective nanomodifier is the system «gypsum -MSAS».
As regards the use of kaolin as a mineral modifying admixture, it should be noted that in the experiments we did not use meta-kaolin -a product of kaolin processing, but the natural kaolin. In this case, applying the system «kaolin -MSAS» as a nanomodifier leads to a slight (up to 25 %) increase in the strength of fine-grained concrete. A rather significant increase in the strength of fine-grained concrete occurs when applying a nanomodifier as the system «kaolin -a substance that produces an alkaline reaction -MSAS». In this case, an increase in the strength of fine-grained concrete amounts to 40 %. This corresponds to the results of studies [18] [19] [20] , which proved that in order to activate natural kaolin it is necessary to treat it with alkali metal compounds (under conditions of experiment, it is sodium carbonate, as recommended in papers [19, 20] ).
Regarding the use of lime as a mineral modifying admixture, a rather high efficiency of its application should be noted (Fig. 5) .
The optimal amount of lime, that is the amount that provides the maximum strength of concrete, is 1.3-1.4 % of the mass of cement.
The results of experiments show (Fig. 5 ) that when applying gypsum or lime as a modifying admixture, the processes of forming the strength of concrete at the initial period of its hardening (3 days) are accelerated.
Subsequently, the rate of formation of the strength of concrete, which contains a nanomodifier with the use of lime or gypsum, further exceeds the rate of formation of strength of the concrete, which contains only MSAS, and the concrete without additives. Given the above, it can be concluded that lime and gypsum increase the efficiency of micellar catalysis of the synthesis of hydrosilicates in the process of setting a cement slurry. This agrees with data, well known from studies [8, 9] .
However, it is impossible to deny that the results of determining the strength of fine-grained concrete containing a nanomodifier in the form of the system «microsilica -MSAS» (Fig. 4) indicate an ambiguous effect of MSAS on changing the mechanical strength. This is manifested, first of all, by the fact that the effectiveness of application of a given nanomodifier is lower than the effectiveness of using microsilica without MSAS.
Such an uncertainty imposes certain limitations on the application of the results obtained regarding the choice of mineral modifying admixtures. This may indicate a potentially interesting direction for further research, which, in particular, might be aimed at identifying the types of mineral modifying admixtures as the components of a nanomodifier, which lead to a decrease in its effectiveness. Such a case requires examining the transformations of the microstructure of concrete that significantly affect the «negative» effect.
conclusions
1. The study conducted has revealed patterns in the effect exerted on the compressive strength of fine-grained concrete by the nanomodifier representing the dispersed system «mineral modifying admixture -MSAS», depending on the type and amount of a mineral modifying admixture, as well as the amount of MSAS in concrete. Based on this, it can be argued that the dispersed system «mineral modifying admixture -MSAS» significantly affects the formation of structure of fine-grained concrete at all stages of its hardening. It manifests itself by a change in the rate of formation and the magnitude of compressive strength of fine-grained concrete.
2. Each type of a mineral modifying admixture has its own peculiarities in the formation of a structure of finegrained concrete, which contains the dispersed system «mi-neral modifying admixture -MSAS», which imply the magnitude and rate of formation of compressive strength of fine-grained concrete. Due to the mechanism of micellar catalysis, the mechanical strength of concrete increases by 20...150 % compared to concrete, which does not contain the dispersed system «mineral modifying admixture -MSAS».
The study conducted allows us to argue about the effectiveness of using a nanomodifier, which contains kaolin, lime, gypsum as a mineral modifying admixture. Application of microsilica as a mineral modifying admixture requires further research. The results obtained indicate the possibility of targeted regulation of the processes that form a strong structure of fine-grained concretes by using a complex nanomodifier that contains colloidal surface-active substances, which are capable of forming micelles and a mineral modifying admixture.
